The effectiveness of three carbohydrate sources, highmoisture ear corn (HMEC), cracked shelled corn (CSC), and a 50:50 mixture of HMEC plus dried citrus pulp (DCP), fed with or without supplemental rumen-undegraded protein as expeller soybean meal (ESBM), was assessed in 48 multiparous dairy cows. All diets contained (dry mater [DM] basis) 50% alfalfa silage, 10% ryegrass silage, 28% NDF, and one of six concentrates: A) 38% HMEC; B) 38% CSC; C) 19% DCP plus 19% HMEC; D) 27% HMEC plus 12% ESBM; E) 27% CSC plus 12% ESBM; or F) 13% DCP, 13% HMEC, and 12% ESBM. Diets A, B, and C averaged 19% crude protein, of which 53% was nonprotein nitrogen (NPN), and diets D, E, and F averaged 22% crude protein, of which 40% was NPN. Cows were fed a high-energy covariate diet for 2 wk, blocked into eight groups of six, based on covariate protein yield, then randomly assigned to diets that were fed for 12 wk. Feeding ESBM increased DM intake, yields of milk, fat-corrected milk, fat, protein, SNF, and milk and blood urea concentration and decreased weight loss. There were no production differences between HMEC and CSC. However, DM intake, yields of milk, fat-corrected milk, fat, protein, lactose, SNF, and milk SNF content all were lower on the diets containing DCP versus HMEC and CSC. A 6 × 6 Latin square trial conducted at the same time with six ruminally cannulated cows showed similar effects of diet on DM intake and milk production. Ruminal ammonia was elevated by ESBM but not ruminal total amino acids and branched-chain volatile fatty acids. Ruminal propionate was highest on HMEC diets and lowest on DCP diets; acetate, butyrate and acetate-to-propionate ratio Mention of any proprietary product in this paper does not constitute a guarantee or warranty of the product by the USDA or the Agricultural Research Service and does not imply its approval to the exclusion of other products that also may be suitable.
INTRODUCTION
Upon ensiling, a large proportion of the CP in haycrop silages is converted to NPN; typically, 50 to 60% (Broderick et al., 1990; Luchini et al., 1997) to more than 80% (Muck, 1987) of the total N in alfalfa silage (AS) is in the form of NPN. Breakdown of AS true protein to NPN substantially reduces efficiency of CP utilization in lactating cows (Nagel and Broderick, 1992; Broderick, 1995) . Feeding carbohydrates that are more extensively fermented in the rumen may improve utilization of the NPN in AS and other hay-crop silages through stimulation of microbial protein synthesis. Owens et al. (1986) summarized data indicating that the proportions of starch digested in the rumen was substantially greater for ensiled high-moisture corn than for cracked corn. Knowlton et al. (1998) reported that ruminal starch digestion averaged 84% for high-moisture shelled corn and 65% for dry shelled corn. Increasing ruminal starch digestion increased milk and protein yield but reduced fat yield (Keady et al., 1998; Valadares et al., 2000) . In vitro fermentation of citrus pectin gave rise to a ruminal acetate-to-propionate ratio of about 9 and, although it fermented as rapidly as starch, did not depress ruminal pH (Hatfield and Weimer, 1995) . Ben-Ghedalia et al. (1989) found that dried citrus pulp (DCP), a feed with low starch and high pectin content, yielded higher ruminal pH and increased flow of microbial protein from the rumen when fed to replace barley in sheep diets.
The objective of this trial was to compare the effectiveness of three different carbohydrate sources, highmoisture ear corn (HMEC), cracked shelled corn (CSC), and a 50:50 mixture of HMEC and DCP (HCP), for stimulating ruminal N utilization on a diet high in RDP. If the supplement containing DCP were as effective as those based on corn only, then this would indicate that high pectin sources could be used to replace starchy concentrates without depressing ruminal pH and acetate supply. Efficacy of carbohydrate sources for stimulating RDP utilization was assessed from the response of lactating dairy cows to a protein supplement rich in RUP, assuming that this response would be inversely related to the value of the carbohydrate source in the basal diet.
MATERIALS AND METHODS

Trial 1
Two separate groups of 24 multiparous, lactating Holstein cows (BW, 596 ± 53 kg; milk yield, 41 ± 4 kg/ d; parity, 3.2 ± 1.7; and DIM, 66 ± 16 [mean ± SD]) were fed a covariate TMR containing (DM basis) 28% AS, 27% corn silage, 42% HMEC, 2% low solubles fish meal (Sea Lac; Zapata-Haynie Co., Hammond, LA), plus 1% minerals and vitamins, 16% CP, 28% NDF, and 1.65 Mcal/kg NEL (NRC, 2001) for a 2-wk covariate period. After the covariate period and 1-wk transition, cows within each group were blocked into blocks of six based on covariate protein yield because this trait was considered to be most responsive to metabolizable protein supply (NRC, 2001) . Within blocks, cows were randomly assigned to one of six TMR diets fed for the following 12-wk. Diets contained (DM basis) 60% haycrop silage (50% AS and 10% ryegrass silage) and 40% concentrate (Table 1) . Three diets contained different carbohydrate sources: HMEC, CSC, or HCP (a 50:50 mixture of HMEC and DCP); urea was added to keep diets isonitrogenous. The other three diets contained the same carbohydrates, except expeller soybean meal [ESBM] SoyPlus; West Central Coop., Ralston, IA) was substituted for 12 percentage units of each carbohydrate source (Table 2 ), but no urea was added.
Cows were housed in individual tie stalls and had free access to water throughout the trial. Cows were milked twice daily, and individual milk yields were recorded daily during all covariate and experimental periods of the trial. Milk samples were collected at a.m. and p.m. milking midway through wk 2 of both covariate periods and wk 2, 4, 6, 8, 10, and 12 of both experimental periods; each sample was analyzed for fat, total protein, lactose, and SNF by infrared analysis (AgSource, MenoJournal of Dairy Science Vol. 85, No. 7, 2002 monie, WI). Milk was deproteinized and analyzed for milk urea N (MUN) by a colorimetric assay (Ekinci and Broderick, 1997) . Concentrations and yields of fat, total protein, lactose, and SNF were computed as the weighted means from the a.m. and p.m. milk yields on test days. Yield of 3.5% FCM was computed as described by Sklan et al. (1992) . Mean feed efficiency was computed for each cow by dividing mean daily milk yield by mean daily DMI. Blood was sampled 4 h after feeding from the coccygeal artery of vein of each cow on the last d of wk 2, 4, 6, 8, 10, and 12 of each experimental period. Blood was heparinized and stored at 2°C for about 2 h, then deproteinized by mixing four volumes of whole blood to one volume of 25% (wt/vol) trichloroacetic acid. After being held 30 min at 2°C, samples were centrifuged (30,000 × g for 15 min at 2°C) and supernatants stored at −20°C. Deproteinized blood was later thawed and analyzed for glucose and urea (Broderick, 1986) . BW were measured on three consecutive days at the start and end of each 12-wk period of the trial to compute BW change. BCS, on a scale of 1 to 5, were the means from estimates made on each cow by three different people every 2 wk of each experimental period.
During covariate and experimental periods, diets were fed for ad libitum intake, and DMI was measured. Feed was offered once daily at about 1100 h, and orts were collected and recorded daily; feeding rate was adjusted daily to yield orts of about 5 to 10% intake. Weekly composites of AS, ryegrass silage, HMEC, TMR, and orts were prepared from daily samples of about 0.5 kg that were stored at −20°C. Weekly samples of CSC, DCP, ESBM, and urea were collected and stored at 21 to 24°C. Proportions of dietary DM from each ingredient on an as-fed basis were adjusted weekly based on DM determined by drying weekly composites at 60°C (48 h) for AS, ryegrass silage, and HMEC and at 105°C (AOAC, 1980) for CSC, DCP, ESBM, and urea. These DM data also were used to compute daily DMI. After drying, samples were ground through a 1-mm screen (Wiley mill; Arthur H. Thomas, Philadelphia, PA) and analyzed for DM at 105°C, ash and OM (AOAC, 1980) for total N by Kjeldahl using a copper digestion catalyst (Kjeltabs; Tecator Inc., Herndon, VA [AOAC, 1980] ), and for NDF and ADF using heat stable α-amylase and Na 2 SO 3 during NDF extraction (Hintz et al., 1995) . Samples of TMR were analyzed for starch and sugar content using the methods of Hall et al. (1999 [T. K. M. Webster, West Virginia Univ., Morgantown] ) and for fat content (Dairyland Labs, Arcadia, WI). Samples of ESBM were analyzed for protein degradation rate and estimated escape (RUP) using a ruminal in vitro system (Broderick et al., 1990) .
At the end of the trial, the weekly composites of AS, ryegrass silage, and HMEC were thawed, and water extracts were prepared (Muck, 1987 ) from these as well as the weekly samples of CSC, DCP, and ESBM. Extracts were analyzed for total soluble N and then deproteinized (Muck, 1987) and analyzed for NPN (Muck, 1987) by Kjeldahl as described. Urea N was assumed to be all NPN. Thawed weekly composites also were dried at 60°C (48 h), ground through the 1-mm screen and composited by mixing equal amounts of DM to obtain samples corresponding to each 4-wk period in each trial. These samples then were analyzed as described above for DM at 105°C, ash and OM, for total N, and for NDF and ADF. Mean composition data for the six major feed ingredients and the six TMR are in Tables  1 and 2 , respectively.
Trial 2
Six multiparous, lactating Holsteins cows (BW, 644 ± 42 kg; milk yield, 36 ± 5 kg/d; parity, 4.2 ± 2.1; and DIM, 143 ± 21 [mean ± SD]) fitted with permanent ruminal cannulae were randomly assigned to a 6 × 6 Latin square with 21-d periods and fed the same experimental diets as in trial 1. Mean daily DMI, milk composition, and mean daily yield data were determined as in trial 1 for wk 3 of each period. Milk production data were collected and reported; however, these cows averaged 269 DIM by the end of the trial, and milk yield for one cow was very low (<10 kg/d) for the last two periods. However, mean DMI declined only from 23 kg/ d (period 1) to 19 kg/d (period 6) so it was assumed that ruminal data would be similar to that of the 48 cows in trial 1 (mean DMI = 20.6 kg/d). Body weights were measured on three consecutive days at the start and end of each 3-wk period to compute BW change. Body condition was not scored in this trial.
Samples of strained ruminal fluid, taken on d 20 of each period from the ventral sac of the rumen at 0 (just before feeding), 1, 2, 3, 4, 6, 8, and 10 h after feeding, were prepared by straining rumen contents through two layers of cheesecloth. After pH was measured, two subsamples were preserved by adding 0.2 ml of 50% (vol/vol) H 2 SO 4 per 10 ml of ruminal fluid for later analysis of NH 3 and total free AA, and by adding 5 ml of formic acid per 5 ml of ruminal fluid for later analysis of VFA (Brotz and Shaefer, 1987) . These samples were stored at −20°C. After the trial, ruminal samples were thawed, centrifuged (15,000 × g, 4°C, 15 min), and analyzed for NH 3 and total free AA (Broderick and Kang, 1980) and for VFA (Brotz and Shaefer, 1987) . On d 21 of each period, rumens of all six cows were emptied with subsampling into large, graduated barrels and the volume of total ruminal contents estimated to within 1 L. Total contents were weighed, then transferred to the empty rumen of the next cow that was to receive, during the subsequent period, the diet that yielded those ruminal contents. Samples of whole ruminal contents were mixed, subsamples and then pressed through polyester fabric with 0.105-mm pore size at 1034 kPa with a mechanical press (Hristov and Broderick, 1996) to separate contents into liquids (solubles and small feed particles) and solids (Faichney, 1986) . These liquids and solids were weighed to estimate the relative proportions in whole ruminal contents. Ruminal emptying, sampling, and transfer of contents were completed for all six cows in about 1.5 h.
Statistical Analysis
All statistical analyses were done using the general linear models procedure of SAS (1989) . Significance was declared at P ≤ 0.05 in trial 1 and at P ≤ 0.10 in trial 2. In trial 1, a single mean was computed for each cow for each production trait, and data were analyzed using a model that included the covariate value for that trait as well as diet, block, group (1 or 2), block × diet, and group × diet interactions. No block × diet (P ≥ 0.21) interactions were significant. Group × diet interaction for MUN approached significance (P = 0.09); no other group × diet interaction was significant (P ≥ 0.29). Body weight change, MUN, and blood urea and glucose were analyzed with the same model except without covariate. Orthogonal contrasts were used to compare effects of: 1) ESBM addition versus no supplement, 2) HMEC versus CSC, 3) HMEC versus HCP, 4) CSC versus HCP, and 5) ESBM addition on HMEC and CSC versus ESBM addition on HCP. Orthogonal contrast 5 was done to assess the relative response of production traits when ESBM supplemented the corn-based diets (HMEC and CSC) versus the response when it supplemented the pectin-based diet (HCP). A significant interaction would indicate that the response to RUP from ESBM was not parallel and thus different. All data from Trial 2 were analyzed as a 6 × 6 Latin square using a model that included diet, cow, and period. The same five orthogonal contrasts described above also were used.
RESULTS AND DISCUSSION
Trial 1
The AS fed during the trials was very high in total CP and very low in NDF (Table 1) . Therefore, it was necessary to dilute the AS with ryegrass silage (Table  1) to maintain normal dietary NDF without excessive CP contents in the three basal diets (before supplementation with ESBM). Otherwise, CP, soluble N and NPN, and NDF contents of the major dietary ingredients were within normal ranges for these feedstuffs (NRC, 2001) . High NPN contents are typical for AS (Luchini et al., 1997) and ryegrass silage (McDonald et al., 1991) . Soluble N content of the six TMR ranged from 41 to 60% of total N, which approximates to protein fraction A (NRC, 2001)and from 1.50 to 1.80% of dietary DM ( Table 2 ). The NPN content of the TMR ranged from 37 to 56% of total N. Together, the two hay-crop silages contributed 75 to 90% of the soluble N and 75 to 94% of the NPN in the six TMR. Urea was added to diets A to C in an attempt to make these TMR isonitrogenous. Urea accounted for 6 to 14% of the soluble N and NPN and from 3 to 8% of the CP equivalent in those diets. The three basal diets contained 26 to 28% NDF and an estimated 1.52 to 1.53 Mcal NE L p/kg (NE L computed at the actual DMI of the trial [NRC, 2001] ). The ESBM fed in this trial had a mean estimated RUP values of 57% (SD = 7), typical for this protein source (NRC, 2001) . Replacing an average 31% of carbohydrate DM with ESBM increased dietary RUP but had little effect on energy content: NDF was increased about 1%, but computed NE L p was not reduced (Table 2) Feeding ESBM improved intake and milk production (Table 3 , contrast 1). There were increases (P ≤ 0.05) in DMI, BW, and BW change, and yields of milk, 3.5% FCM, and all-milk components, plus a trend for increased milk SNF content, with ESBM supplementation. This result was not unexpected because, although the basal diets had high concentrations of total CP (Table 2), on average 56% of this CP was supplied as NPN. Feeding ESBM reduced this proportion to 40% and increased RUP supply. Because urea intake on basal diets A to C ranged from 43 to 118 g/d, and no urea was added in diets D to F, it is possible that removal of urea from the diet may have accounted for some of the apparent effect of ESBM supplementation. There is disagreement in the literature about whether feeding these amounts of urea would depress production of dairy cows. Earlier, no effect on production was observed when cows were fed 380 g/d of urea in diets with 15.6% total CP, but both DMI and milk yield were reduced when cows were fed 450 g/d of urea in diets containing 16.3% total CP (Broderick et al., 1993) . Choung et al. (1990) reported that two daily intraruminal doses of urea sufficient to increase dietary CP equivalent to ≥17% (DM basis) depressed DMI. Tolkamp et al. (1998) found that adding 0.7% urea to the diet caused preferential selection of the 16% CP diet when cows were given the choice between two urea-containing diets with either 22 or 16% total CP. However, a second study (Tolkamp et al., 1998) showed that DMI and milk yield were equal, with no diet preference, when cows were given free access to three diets containing 0.5, 0.8, or 1.2% urea, but with equal contents of total soluble protein. In the present trial, intake of NPN was similar with and without ESBM (average NPN intake = 319 g/ d on diets A to C and 300 g/d on diets D to F). Moreover, MUN averaged only 12 mg/dl on diets A to C, which were low to normal concentrations (Broderick and Clay-ton, 1997) , despite relatively high intakes of CP and NPN. Under the conditions of our experiment, the effects of ESBM feeding appeared to be due to greater RUP supply rather than due to removal of negative effects from urea feeding. Blood urea N and MUN concentrations were increased 6 and 7 mg/dl with the addition of the 3.6% units of dietary CP from ESBM. Supplementation with any CP source regardless of ruminal degradability will increase MUN and blood urea and, although there was a substantial elevation of urea in body water in this trial, the increases were only about half of those predicted from the amount of additional CP fed (Broderick and Clayton, 1997) . Milk protein yield averaged 113 g/d more with ESBM supplementation, so the lower inflection in urea concentration may be partly attributed to increased protein secretion. However, milk protein accounted for only 11% of the additional intake of dietary N.
No other production traits were different (P ≥ 0.10) between treatments HMEC and CSC (Table 3 , contrast 2). The HMEC and CSC carbohydrate sources both gave rise to greater DMI and production of milk, FCM, fat, protein, lactose, and SNF, and greater milk lactose and blood glucose concentrations than treatment HCP (Table 3, contrasts 3 and 4), which was half DCP and half HMEC. BCS were not influenced by diet. Greater feed intake likely accounted for much or most of the differences in production. However, there was greater than expected energy availability from HMEC. The NRC (2001) assigned similar NE L p (at 3× and 4× maintenance) for CSC and ground HMEC, but the HMEC fed in the present trials was not ground. Grinding HMEC was found to increase DM and OM digestibility 5.4% for a ration containing 42% HMEC (Ekinci and Broderick, 1997) , equivalent to a 13% difference in DE between ground and unground HMEC. This suggested that NE L p should have been greater for CSC than the unground HMEC. That animal performance was actually comparable on HMEC and CSC may have reflected effects of carbohydrate source on site of digestion. Owens et al. (1986) summarized data indicating that the proportions of starch intake digested in the rumen, small intestine, and large intestine of cattle, were, respectively, 69, 12, and 8% (total 88%) for cracked corn and 86, 6, and 1% (total 95%) for ensiled high moisture corn. Elizalde et al. (1999) found that these proportions in 338-kg steers averaged, respectively, 49, 32, and 15% (total 96%) when cracked shelled corn was fed at 0.4 to 1.2% of BW to supplement fresh alfalfa fed ad libitum; these proportions were not influenced by the level of cracked corn feeding. Knowlton et al. (1998) observed that ruminal starch digestion averaged 84% for highmoisture shelled corn and 65% for dry shelled corn and was not different when either grain was fed in rolled Journal of Dairy Science Vol. 85, No. 7, 2002 or ground form. It seems probable that, in the present study, HMEC contributed more ruminally fermented carbohydrates that CSC, with the latter supplying more postruminally digested starch.
Dried citrus pulp is a high pectin feed that may serve as an effective energy source without the adverse influences on ruminal fermentation that occur with starch concentrates. Replacing dietary barley with DCP in sheep increased ruminal pH and microbial protein flow (Ben-Ghedalia et al., 1989) . Replacing about half of the dry, ground ear corn in the diet with DCP had no significant effects on intake or feed efficiency in fattening beef steers (Peacock and Kirk, 1959) , whereas replacing all of the dietary barley with a mixture of DCP and dried beet pulp improved DMI and weight gain in young Friesian bull calves (Williams et al., 1987) . Milk production was unchanged in lactating ewes with partial replacement of dietary corn, barley, and wheat middlings with DCP (Fegeros et al., 1995) . Van Horn et al. (1975) reported that DCP served as an effective concentrate source in lactating dairy cows averaging 18 to 20 kg/d of milk. However, Sutton et al. (1987) observed that "fibrous" concentrates (citrus pulp, sugar-beet pulp, and wheat feed) were generally less effective than " starchy" concentrates (barley, wheat, and cassava) for supporting the yields of milk, protein, and lactose. Moreover, Solomon et al. (2000) found that DMI and milk protein content and yield were greater in lactating cows fed concentrate as 2/3 CSC and 1/3 DCP than in cows fed concentrate as 1/3 CSC and 2/3 DCP. Leiva et al. (2000) also observed that milk protein content and yield were depressed on a high-DCP diet despite no changes in DMI. Our results were consistent with these latter reports in that, compared to the HMEC and CSC diets, 50% dilution of HMEC with DCP decreased (P ≤ 0.03) yields of milk, FCM, protein and lactose, and SNF (Table 3, contrasts 3 and 4). This dietary change also reduced or tended to reduce DMI (P = 0.08 and 0.02 for contrasts 3 and 4) and fat yield (P = 0.01 and 0.08 for contrasts 3 and 4).
In a few cases, ESBM supplementation appeared to give rise to greater-than-average response on HCP than on the other two carbohydrates. Although the effect of ESBM on HCP was not different from that on HMEC and CSC (Table 3 , contrast 5) for yield of milk (P = 0.25), FCM (P = 0.44), and protein (P = 0.29), effect of ESBM on HCP versus the other carbohydrate sources approached significance for lactose yield (P = 0.10). The large numeric response of lactose secretion to ESBM addition may be explained by a greater supply of absorbed amino acids being available for gluconeogenesis (Danfaer, 1994) .Although blood glucose concentration was lower on HCP than CSC (Table 3 , contrast 4), blood glucose did not respond to ESBM (P = 0.61) in the same Table 4 . Effect of feeding concentrate as high-moisture ear corn, cracked shelled corn, or high-moisture ear corn plus dried citrus pulp, with or without supplemental expeller soybean meal, on animal production in trial 2. manner as lactose yield. However, blood glucose turnover, rather than concentration, is a more reliable indicator of glucose supply to the mammary gland for lactose synthesis (Thilsted, 1985) . There was an increase (P = 0.05) in milk yield/DMI with ESBM for HCP versus that for HMEC and CSC. This was related to the relative changes in DMI and milk yield: DMI and milk yield increased (with ESBM supplementation) 1.9 and 1.5 kg/d for HMEC, 1.0 and 2.6 kg/d for CSC, and 1.0 and 4.3 kg/d for HCP. Supplementing with ESBM reduced BW loss on all three carbohydrates, so nutrient supply from tissue mobilization likely was similar among treatments.
Trial 2
Production data are reported from this trial (Table  4) even though cows were in late lactation. As in trial 1, DMI and BW change were greater with ESBM supplementation (contrast 1) and greater on HMEC and CSC than on HCP (contrasts 3 and 4). Milk yield/DMI, fat content, and yield of FCM and fat was unaffected by diet, but ESBM feeding (contrast 1) increased yield of milk, protein, lactose, and SNF as in Trial 1. There were, however, several differences between trials in the response patterns. In trial 2, carbohydrate source (contrasts 2, 3, and 4) did not affect lactose yield (P ≥ 0.16) and, although yields of milk, protein, and SNF were not different on HMEC versus HCP (contrast 3), all three yield traits were greater on CSC versus HCP (contrast 4), as in trial 1. Effects of diet on MUN and
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Treatment responses were similar for ruminal pH and NH 3 (Table 5 ): pH and, not surprisingly, NH 3 were elevated with ESBM feeding (contrast 1), lower on HMEC than on CSC (contrast 2), and higher on CSC than on HCP (contrast 4). The similar patterns can be partly explained by buffering effects of NH 3 on ruminal pH; however, both lower pH and NH 3 on HMEC suggested that greater ruminal fermentation and microbial protein synthesis may have occurred on those diets. Without ESBM addition, ruminal pH and NH 3 were lower on HMEC than on CSC and HCP during most of the 10-h period after feeding ( Figure 1a and b) ; that pattern was less apparent after ESBM supplementation. Total VFA concentrations were not consistent with pH values: total VFA were lower on HMEC (contrast 3) and CSC (contrast 4) diets than on HCP. Ruminal VFA concentrations are the net result of production and absorption and do not necessarily reflect fermentation rates (Dijkstra et al., 1993) . Moreover, the range of total VFA concentrations was narrow, from only 101 to 108 mM, and these small changes may not be biologically important. In previous studies on HMEC processing, significant effects of diet on total VFA were not detected with similar numbers of observations when concentrations ranged from 137 to 148 mM (Ekinci and Broderick, 1997) . Molar proportions of acetate were increased and butyrate reduced with ESBM feeding (Table 5 , contrast 1), possibly reflecting a small but significant reduction in acetate condensation to butyrate with greater CP intake. Molar proportion of propionate was highest and molar proportion of butyrate and acetate-to-propionate ratio were lowest on HMEC than on other carbohydrates (contrasts 2 and 3) and lower on CSC than on HCP (contrast 4). Lower propionate and higher butyrate and acetate-to-propionate ratio were consistent with reduced ruminal starch fermentation (Crocker et al., 1998) on HCP. Molar proportions of ruminal valerate were higher on the HMEC diets (contrasts 2 and 3); Crocker et al. (1998) also reported that valerate increased with ruminal starch fermentation. Much of the carbohydrate in DCP, beet pulp, and similar feeds is present as pectin (Ben-Ghedalia et al., 1989) ; pectic substances are readily fermented, and their inclusion in the diet may increase ruminal acetate formation (Hatfield and Weimer, 1995) . The small shifts to greater acetate, butyrate, and acetate-to-propionate ratio observed on the HCP diets were consistent with increased acetate production. However, Sutton et al. (1987) of branched-chain AA and are important growth factors for cellulolytic bacteria (Hoover, 1986) . It is not known why molar proportions of the branched-chain VFA were lower on HMEC than on CSC (contrast 2) and lower on HCP than on either HMEC (contrast 3) or CSC (contrast 4). Overall NH 3 and VFA patterns observed in trial 2 suggested that carbohydrate fermentation declined in the order HMEC > CSC > HCP, results that may be explained partly by differences in site of carbohydrate digestion among these diets that were discussed earlier.
That molar proportions of branched-chain VFA were not influenced-and total AA concentrations were actually reduced-with ESBM feeding (contrast 1) probably reflected the low ruminal degradability of this protein source. Generally, ruminal total AA concentrations were greater without ESBM supplementation during most of the 10-h period after feeding (Figure 1c) . Relatively small differences in ruminal NH 3 but large differences in MUN and blood urea with and without feeding of ESBM indicated that metabolizable protein from RUP was largely catabolized with the N being excreted in the urine.
No differences were detected among the six diets in the mass or volume of whole ruminal contents or in the proportions of liquids and solids separated using standard filtration mesh and pressure (Table 5) . A small effect of ESBM feeding on density of whole rumi- Figure 1 . Mean ruminal a) pH (pooled SE = 0.03), b) NH 3 concentration (pooled SE = 1.1), and c) total AA concentration (pooled SE = 0.35) in cows fed alfalfa-silage based diets containing (DM basis): 38% high-moisture ear corn (HMEC); 39% cracked shelled corn (CSC); 19% high-moisture ear corn plus 19% dried citrus pulp (HCP); 27% high-moisture ear corn plus 12% expeller soybean meal (HMEC + ESBM); 27% cracked shelled corn plus 12% expeller soybean meal (CSC + ESBM); or 13% high moisture ear corn, 13% dried citrus pulp, and 12% expeller soybean meal (HCP + ESBM).
nal contents was observed (contrast 1). Similar ruminal volumes, despite an average 1.7 kg/d lower DMI on the HCP diets, suggested that gut fill may have restricted intake on the two diets containing DCP (Mertens, 1996) .
CONCLUSIONS
The effectiveness of three dietary carbohydrate sources, HMEC, CSC, and a 50:50 mixture of HMEC plus DCP-fed without or with supplemental RUP from ESBM-was assessed in lactating dairy cows. When fed in TMR containing AS plus ryegrass silage, supple- menting ESBM increased DMI, yield of milk, FCM, fat, protein, lactose, SNF, and milk and blood urea concentrations, and decreased BW loss. Although there were no production differences between HMEC and CSC, DMI, yields of milk, FCM, fat, protein, lactose, SNF, and milk SNF content, all were lower or tended to be lower on the diets containing DCP. Milk protein and lactose content and blood glucose concentrations also were lower on HCP than on CSC. Ruminal ammonia and pH, but not total AA and branched-chain VFA, were elevated by ESBM. Ruminal propionate was highest on HMEC diets and lowest on DCP diets; acetate, butyrate, and acetate-to-propionate ratio were lowest on HMEC diets and highest on DCP diets. These results indicated that, compared to HMEC and CSC, feeding the pectinrich feed DCP altered ruminal fermentation but depressed DMI and milk production.
